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Background: Genetic variation of the promoter for the Key Words: Alcoholism, gene expression, SLC6A4, se-
serotonin transporter (5-HTT) gene has been associatedotonin transporters, SPECB;CIT

with its functional capacity. In vitro, carriers of a short

allele (s-carriers) of the 5-HTT promoter display signifi-

cant reduction in 5-HTT capacity. Dysfunction of 5-HTT i

has been observed in alcoholic individuals. We assessedtroduction

whether the allelic constitution of the 5-HTT gene is
associated with reduced serotonin transporter availability
among alcoholic individuals.

Methods: We genotyped the 5-HTT promoter region and

measured the availability of serotonin transporter protein ; - )
with [1-123]B-CIT SPECT in the raphe area in 14 absti- 1996). Carriers of the short allels-€arriers) of the 5-HTT

; ) romoter display reduced functional capacity of serotonin
nent male alcoholic subjects and 8 age-matched Comrorrans orters in human lymphoblast cell lines as well as
subjects of European American descent. P ymp

Results: Among control subjects, the ratio of in Vivo increased frequency of anxiety-related traits compared to
uits. ubjects, ' N VIVO ' omozygous carriers of the long allelé-iomozygous
5-HTT availability forll-homozygous individuals relative yo 9 g ygous)

. X .~ (Lesch et al 1996); however, a postmortem study of
to s-carriers was comparable to serotonin uptake ratios ethanol users found thatcarriers exhibited significantl
measured in vitro. There was a significant interaction of 9 y

diagnosis and 5-HTT promoter genotype on 5-HTT avan_elgvate_d [I—12.5@—CIT bin_dipg to serotonin transporters in
ability (p < .01). Among controld]-homozygous individ- mldbr.aln.secuons containing the do_rsal qnd median ra.phe
uals displayed a significant increase as compared withhuclei (Little et al 1998). The relationship of the allelic
s-carriers. The availability of raphe 5-HTT was signifi- constitution of the 5-HTT promoter to in vivo 5-HTT
cantly reduced ifl-homozygous alcoholic individuals and Protein expression and function has not been established.
was negatively correlated with their amount of alcohol Reduced availability of raphe serotonin transporters has
consumption. Among-carriers, 5-HTT availability did been reported in vivo in alcoholic individuals (Heinz et al
not differ significantly between control and alcoholic 1998a). It has also been been associated with clinical
subjects. depression ratings and excessive alcohol consumption
Conclusions: Our preliminary findings suggest an asso- (Goldman 1996; Heinz et al 1998b). Further, in a recent
ciation between 5-HTT allelic constitution and in vivo case and control association study, Schuckit et al (1999)
measurements of human serotonin transporter availabilhave reported thati-homozygous individuals may be
ity, and a potentially selective susceptibilitylbhomozy-  more susceptible to developing alcoholism tisazarriers.
gous individuals to the neurotoxic effects of ChroniCSpecifica"y to test whether these effects could be ob-
excessive alcohol consumptiorBiol Psychiatry 2000;47:  garved by means of in vivo imaging, we genotyped the
643-649 5-HTT promoter region (Heils et al 1996; Lesch et al
1996) and measured the availability of serotonin trans-
porter protein with SPECT imaging of [I-128]CIT
From the Clinical Brain Disorders Branch, Intramural Research Program, NIMH (LarueIIe et al 1993; Pirker et al 1995) in the raphe area
é’?ﬂéiﬂfhﬁ’m)f"é‘ﬂ,”éeé,aé’&faé‘ﬂ,y ,?/{L(;"igﬁgji&‘gfejé‘rﬁ;’g?r‘i' Research of male alcoholic subjects who were abstinent for at
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Eisﬁgg’;r(f\ﬂg{:agg@g)"“'E'\;"e':ﬁe':ggf’”Mal'D netiutes o Health, 10 Center Drive, age-matched male control subjects were similarly geno-
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n allelic variation of the serotonin transporter gene
(5-HTT) promoter region has been associated in vitro
with the abundance and functional capacity of human
serotonin transporter protein (Heils et al 1996; Lesch et al
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Methods and Materials radioligand by citalopram has been demonstrated in humans over
. . this time range (Pirker et al 1995). SPECT data were acquired
Subjects and Behavioral Assessments using a CERASPECT gamma camera (Digital Scintigraphics,

All subjects provided written informed consent for this study Waltham, MA) with a high-resolution (7.5 mm FWHM) colli-
under protocols approved by the Institutional Review Boards ofnator in 120-projection step-and-shoot mode. The photopeak
the Intramural Research Programs of the National Institute of145-175 keV) and two windows used for scatter correction
Alcohol Abuse and Alcoholism (NIAAA) or the National Insti- (127-145 keV and 175-191 keV) were acquired. Reconstruction
tute of Mental Health (NIMH). Fourteen male patients (mean ageby backprojection with a 10th-order Butterworth filter (1 cm
40.5 + 8.5 years) who fulfilled criteria for alcohol-dependence cutoff) generated an isotropic volume (1.67 mm voxels) of 64
according to DSM-III-R criteria (American Psychiatric Associ- 128 x 128 transverse slices. The SPECT camera was calibrated
ation 1987) were included in this study. Exclusion criteria wereprior to each scan session by imagia 1 L uniform flood
current drug use (i.e., a positive urine drug screen) or a paé@hantom of known radioactivity similar to that observed in brain
history of drug dependence other than alcoholism, serious head™ 165 nCi/mL at 21 hours after injection).

trauma, Korsakoff's syndrome, or neurological diseases unre- Individual regions of interest (ROIls) were drawn for each
lated to alcoholism. The SCID | (Spitzer et al 1990a) was used t¢ubject based on MRI images with which the SPECT scans were
exclude the presence of Axis | psychiatric diagnoses unrelated tgoregistered. Volume MRI images were acquired ona GE 1.5 T
alcoholism. We used an extended version of the MichiganSigna MRI scanner with a;fweighted spoiled GRASS sequence
Alcohol Screening Tool (Fils-Aime et al 1996; Selzer 1971), (TR = 24 msec, TE= 5 msec) as 124 contiguous 1.5 mm thick
which includes a detailed assessment of previous drug consumgadgittal slices with a 240 mm field of view in a 256 x 256 pixel
tion, to assess prior substance abuse or dependence; relativesma@trix. The MRI image volume was reoriented initially so that
the patients were contacted to verify the patients’ statementghe midsagittal line segment connecting the anterior commissure
Patients were withdrawn from alcohol as inpatients in theto the posterior commissure was horizontal, then it was cropped
Intramural Research Program of the NIAAA. SPECT scans wergand rescaled to match the dimensions of the SPECT image
acquired after 24 to 32 days of supervised abstinence (randofvolume and transferred to the CERASPECT console. The coreg-
breath testing) to avoid confounding effects of acute alcoholistration procedure began by outlining gross anatomical features
withdrawal on monoamine neurotransmission (Heinz et al 1996(€e.g., cortical surfaces, midlines, ventricles, corpus callosum,
LeMarquand et al 1994; Rattray et al 1996; Rossetti et al 1992brainstem, etc.) on the SPECT image data in three orthogonal
Yu et al 1995). Among the alcoholic patients, withdrawal planes (transverse, sagittal, and coronal) centered on the image
syndromes were mild so that diazepam administration wagolume. These three sets of outlines were next transferred onto
limited to the first 3 days of detoxification; after the third day, no the MRI image volume and subsequently shifted and reoriented
medications were administered. Thus, all alcoholic patients wer&intil a best-match coregistration was obtained visually. Lastly,
completely medication-free and abstinent for a minimum of 3the SPECT image volume was shifted and reoriented to fit back
weeks prior to SPECT imaging. Eight age-matched (mean ag#to the coregistered outlines. In cases where the initial mismatch
37.4 + 13.3 years), healthy male volunteers served as normaivas large, new gross anatomical outlines were drawn and the
control subjects; they did not suffer from any Axis | diagnosis or process iterated until optimal coregistration of SPECT to MRI
personality disorder according to DSM-III-R (SCID | and SCID was obtained; the process never had to be repeated more than
Il; Spitzer et al 1990a, 1990b) and had no history of drug oronce for the images that comprise this study.

alcohol abuse. All patients and control subjects were of European Following coregistration, ROIs were drawn on transverse
American descent. slices of the MRI volume and transferred to the corresponding
SPECT slices for measurement. For 5-HTT binding measure-
ments, ROIs were drawn in the dorsal brainstem encompassing
[1-123]8-CIT SPECT Procedure the raphe area where the highest density of serotonin transporters
On the day prior to SPECT scanning and for 3 subsequent dayss found (Baumgarten and Grozdanovic 1995; Jagust et al 1996).
subjects received 5 drops of Lugol's solution orally to reducelt has been shown th@-CIT binds to dopamine transporters in
uptake of radioactive iodine into the thyroid. [I-1B3CIT has  the substantia nigra area of the ventral brainstem (Staley et al
been shown to bind with high affinity to dopamine and serotonin1994), and this has been suggested as a possible confound in a
transporters (Farde et al 1994; Kuikka et al 1995; Seibyl et aprevious in vivo study of [I-1233-CIT blockade by citalopram
1994); in the brainstem, the radioactivity is specifically displacedin humans (Pirker et al 1995). With this in mind, great care was
by ligands binding to serotonin uptake sites (Laruelle et al 1993taken in this study to delineate the dorsal brainstem, raphe area,
Pirker et al 1995). Preparation of [I-1Z8CIT has been de- on the MRI images while avoiding the more ventral substantia
scribed previously (Baldwin et al 1993). Each subject received atigra as previously illustrated (Heinz et al 1998a). Cerebellar
dose of 222-259 MBq (67 mCi) of [I-128]CIT. Free concen- ROIs were drawn on the MRI images at the level of the pons. In
trations of [I-123B-CIT in blood plasma were assayed by thin both cases, ROIs were drawn on five consecutive slices forming
layer chromatography of concentrated ultrafiltrates (30 kDaa volume of interest (VOI), and the average counts per min per
cutoff) from plasma (Jones et al 1997). A 60-min SPECT scammL in each VOI was measured and corrected for decay. Sub-
was acquired 21 hours after injection, when equilibrium attraction of the cerebellum measurement corrected for nonspecific
brainstem serotonin transporter was found (Laruelle et al 1994binding. The effective binding potential (BR= B, .i/Ky) was
Pirker et al 1995). Specific displacement in the brainstem of thedetermined as the ratio of the specific binding to the free
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Table 1. Observed and Predicted Genotypes

Overall Control Alcoholic
Genotype observed n % n % n %
Il 8 36% 3 38% 5 36%
Is 10 45% 4 50% 6 43%
ss 4 18% 1 13% 3 21%
Total predicted 22 8 14
Il 7.0 32% 2.6 32% 45 32%
Is 10.8 49% 3.9 49% 6.9 49%
ss 4.2 19% 15 19% 2.7 19%
Total 22 8 14
X2 .20 .26 21
df 2 2 2
p 91 .88 .90

Among healthy control subjects and alcoholics, genotype frequencies for the promoter region for the serotonin transporter gene
did not differ from the Hardy-Weinberg equilibrium and agreed well with those observed in a larger sample (Lesch et al 1996).

[I-123]B-CIT concentration in plasma, which may be assumed tohypotheses about in viv@-CIT binding to serotonin transport-
be equal to the free synaptic concentration of radioliganders. We incorporatec priori planned comparisons into the
(Laruelle et al 1994). This effective binding potential differs ANOVA design to compardl-homozygous individuals te-
from the true binding potential (B® B,./Ky) by virtue of  carriers in each diagnostic group separately. Given the prior
endogenous neurotransmitter binding to transporter sites (B implications of reduced serotonin transporters in alcoholism

dog), Which reduces transporter availability {B; = Bmax - (Heinz et al 1998a) combined with previous genetic findings
Bendogd (Fisher et al 1995; Gatley et al 1995; Jones et al 1998;(Lesch et al 1996; Little et al 1998), we also compared diagnostic
Laruelle et al 1993). groups within each genotype separately usingriori planned

comparisons in the ANOVA design. The in vivo results of Lesch
et al (1996) predict a 1.9-2.2 times increase in serotonin
transporter activity inll-homozygous individuals compared
We assessed the genotype of the promoter of the 5-HTT gengith s-carriers, so we computed this ratio from the in vivo
with polymerase chain reaction (PCR) using oligonucleotideimaging data to test the degree of agreement. Because it is
primers (stpr5, 5GGCGTTGCCGCTCTGAATGC; intl, 5 known that chronic excessive alcohol intake can have degen-
CAGGGGAGATCCTGGGAGGA). Polymerase chain reaction erative neurotoxic effects, we also performed an analysis of
amplification was carried out in a final volume of 30L  covariance (ANCOVA) covarying for lifetime alcohol con-
consisting of 50 ng genomic DNA, 2.5 mmol/L deoxyribonucle- sumption and assessing correlations with Pearson’s linear
otides (dGTP/7-deaza-2’-dGTR 1/1), 0.1 ng of sense and correlation coefficient.

antisense primers, 10 mmol/L tris-HCI (pH 8.3), 50 mmol/L KClI,

1.5 mmol/L MgCl, and 1 U of Taqg DNApolymerase. Annealing

was carried out at 61° C for 30 sec, extension at 72° C for 1 min,

and denaturation at 95° C for 30 sec for 35 cycles. Results

Genetic Analysis

In the assessment of genotype frequencies, no significant

Statistical Analyses difference from the Hardy-Weinberg equilibrium was
All statistical analyses were performed using Statistica forfound in either group or the overall sample (Table 1) . The
Windows, Version 5.0 (StatSoft, Tulsa, OK, 1994). Chi-squareobserved allelic frequencies agreed well with those ob-
tests were used to compare genotype frequencies to thosserved in a larger sample by Lesch et al (1996).

predicted by the Hardy-Weinberg equilibrium based on allele  The hypothesized effects of diagnosis (Goldman 1996;
prevalence from Lesch et al (1996). Basedaqoriori hypotheses  Heinz et al 1998a, 1998b) and of the allelic constitution of
that both alcoholism (Hei.nz etal 1998a, 1998b; Little et a! 1998)the 5-HTT promoter (Heils et al 1996; Lesch et al 1996)
and the genetic constitution of the 5-HTT transporter (Heils et alon the in vivo availability of raphe serotonin transporters

1996; Lesch et_al 1996; Little et al 1998) aff@eCIT binding tq ere assessed using a two-factor ANOVA. We found a
raphe serotonin transporters, we did a two-way analysis o

variance (ANOVA) with diagnosis and the genetic constitution significaqt eff.ect of .diagno§iSF(1,14). - 9.5§,p = .008)

of the 5-HTT promoter as grouping factors. and a significant interaction of diagnosis and 5-HTT
The in vitro work of Lesch et al (1996) on genotyped cloned Promoter genotyper(1,14) = 8.98,p = .010) (Figure 1).

transporters and the postmortem studies of Little et al (1998) ol he a priori planned comparisons in this ANOVA design

genotyped ethanol users offered the possibility to test specifitevealed that among control subjedishomozygous in-
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Figure 1. Effective binding potential (BPof [I-123]3-CIT in Figure 2. Adjusted mean values of the effective binding poten-

the dorsal brainstem (raphe area) of homozygous carriers of théal (BP') of [I-123]3-CIT in the dorsal brainstem (raphe area)
long allele {I-homozygous) versus carriers of the short allele from an ANCOVA covarying for the amount of lifetime alcohol

(s-carriers) of the promoter for the serotonin transporter (5-HTT)consumption. Homozygous carriers of the long alldleh-
gene in normal control subjects and alcoholic subjects. We foundnozygous) of the promoter for the serotonin transporter (5-HTT)
a significant effect of diagnosi$(1,14)= 9.56,p = .008) and  gene are compared with carriers of the short allsleafriers) in

a significant interaction of diagnosis and the genetic constitutiomormal control subjects and alcoholic subjects. The ANCOVA
of the 5-HTT promoter F(1,14) = 8.98, p = .010). Among revealed no significant main effect of diagnosi,13) = 2.83,
ll-homozygous individuals, alcoholic subjects showed signifi-P = .12), but the interaction between diagnosis and genetic
cantly reduced availability of raphe serotonin transportprs-( constitution of the 5-HTT promoter remained significant
.002). Among control subjectd,-homozygous individuals dis- (F(1,13) = 9.98,p = .008). A significant difference between
played a significant increase in the availability of raphe 5-HTT asalcoholic subjects and control subjects was found exclusively in

compared withs-carriers p = .023). (Error bars indicate stan- ll-homozygous individualsp(= .002), and a significant differ-
dard error of the mean.) ence betweerll-homozygous individuals and-carriers was

found exclusively in control subjectg (= .015). (Error bars
indicate standard error of the mean.)
dividuals displayed a significant increase in the availabil-
ity of raphe serotonin transporters as compared with
s-carriers p = 0.023). Among alcoholic subjects, no ) ) . . )
significant difference in serotonin transporter availability COnsumption. The interaction between diagnosis and
was found betweerll-homozygous individuals and- 5-HTT genotype remained statistically significant
carriers. Alcoholic and control subjects who wese (F(1,13)= 9.98,p = .008) (Figure 2). Againa priori
carriers did not differ in the availability of raphe serotonin Planned comparisons between alcoholic subjects and
transporters, but-homozygous alcoholic subjects showed control subjects revealed a significant difference exclu-
a significant reduction in raphe serotonin transporterSively in ll-homozygous individualsp(= .002), point-
ava||ab|||ty Compared WitH]-homozygous Contro|$(: Ing to the pOSSlblllty of a differential genetic effect on
0002) in thosea priori p|anned Comparisons_ raphe serotonin transporter avallablllty in alcoholic
Alcoholic subjects and control subjects differed sig-individuals. Among control subjects, the increase in
nificantly in the amount of their lifetime alcohol con- 5-HTT availability for ll-homozygous individuals rela-
sumption { = 3.56, df = 20, p = .002), which was tive to scarriers also remained significant in tlepriori
negatively correlated with the availability of raphe planned comparisons of the ANCOVA design= .015).
serotonin transporters & -.53,n = 18,p = .025). An Among healthy controldl-homozygous individuals had
ANCOVA covarying for lifetime alcohol consumption 1.83 times greater in vivo availability of raphe serotonin
was carried out with the saneepriori planned compar- transporters compared tecarriers. Using the adjusted
isons in this design as in the previous ANOVA design.means from the ANCOVA, this ratio became 1.94. Both
This covariation eliminated the main effect of diagnosisthese values agree well with the range of 1.9-2.2 observed
(F(1,13) = 2.83,p = 0.12), indicating that the overall in vitro when comparing serotonin uptake in human
reduction in 5-HTT availability in alcoholic individuals lymphoblast cells lines that arné-homozygous to those
may be due to the neurotoxic effects of chronic alcoholthat ares-carriers (Lesch et al 1996).



Serotonin Transporter Alleles afgiCIT SPECT BIOL PSYCHIATRY 647
2000;47:643-649

Discussion gic neurons would be expected to more efficiently remove
L . ) serotonin from synapses (Heils et al 1996; Lesch et al
?I'o.ou.r kn0W|que.th'S p||_ot -s.tudy is the first repqrt 1996), and lower levels of free serotonin in the brain have
indicating that in vivo availability of central serotonin been associated with enhanced alcohol consumption
transporters may be associated with genotypic Variation(LeMarquand et al 1994). Thus, one might conjecture that
Moreover, our results were consistent with in vitro studies”_homozygous alcoholic individuals probably had greater
of the effects of serotonin transporter genotypes on thegovonin transporter availability thancarriers, at least
abundance of expression and functional capacity of thgyisia|ly Nonetheless, our in vivo observations of seroto-
S-HTT (Heils et a,l 1996; Lesch et al 1996)._Among nin transporter availability and the postmortem finding of
healthy control subjects, the genotype-based ratio of raphgjye et al (1998) thas-carrier ethanol users had signifi-
5-HTT availability measured in vivo was in excellent .onyy higherg-CIT binding to serotonin transporters in
agreement with the in vitro findings of Lesch et al (1996) igprain raphe nuclei are consistent in indicating that this
for II-homozygous individuals relative ®carriers of the may not be the case in chronic alcoholic persons.
5-HTT promoter. Among alcoholic men, we observed  Taken together, the evidence suggests thhomozy-
§ignificant assomathns both- oflllfet|me alcohol CoNSUMP-g4ys chronic alcoholic individuals may have abnormally
tion and of the genetic constitution of the 5-HTT promoter |,y serotonin transporter binding and that these individu-
with the availability of serotonin transporters. A reason- g may be specifically more vulnerable to the neurotoxic
able explanation of these findings might be that amonguffects of chronic alcohol consumption thewarriers. We
alcoholic individuals, homozygous carriers of the longoyng a significant negative correlation between lifetime
allele of the 5-HTT promoter are selectively more vulner-5iconol consumption and serotonin transporter availabil-
able to the neurotoxic effects on serotonin transporters ofy Covarying for lifetime alcohol consumption eradicated
chronic excessive alcohol consumption. Given the smalfne significant reduction overall in alcoholic subjects
and uneven sample sizes in this study, however, it is cleafg|ative to control subjects, implying that the overall
that a larger study is needed to test this hypothesis angequction was a consequence of the neurotoxic effects of
more generally, these preliminary findings. Such a repli-chronic excessive alcohol consumption. A significant
cation study would benefit from prospectively selectinginteraction remained between 5-HTT genotype and diag-
subjects on the basis of genotype for in vivo imaging tongsis after the covariation due to a still-significant reduc-
provide more equal numbers of each genotype. tion in serotonin transporter availability amothéhomozy-
The observed genotype frequencies for the 5-HTT gengous alcoholic patients compared ti-homozygous
promoter region among healthy control subjects and alcocontrol subjects. We tentatively conclude that this may be
holic subjects agreed well with those observed in a largep manifestation of a greater susceptibility to the neurotoxic
sample and did not show a significant difference from theeffects of chronic excessive alcohol consumption among
expected Hardy-Weinberg equilibrium (Lesch et al 1996).homozygous carriers of the long allele of the 5-HTT
This finding is in accordance with two other studies thatpromoter relative to carriers of the short allele. Again,
demonstrated that among European Americans, a polyhowever, we must caution that larger studies with more
morphism of the serotonin transporter is not associateéqual numbers of subjects in each cell of the design is
with alcoholism per se (Edenberg et al 1998; Gelernter eheeded to test this hypothesis more fully.
al 1997). Instead, the allelic constitution of the 5-HTT  The potential effects of chronic excessive alcohol con-
promoter may modify the effects of acute and chronicsumption on serotonin transporters are unknown and
alcohol intake and possibly the effects of polymorphismsrequire further characterization both in cell cultures and in
in other genes such as that of the GABA receptor animal models with variability in the 5-HTT gene (Bengel
(Schuckit et al 1999). et al 1998). These effects may include toxic effects on
Among 41 men completing a 15-year follow-up in an raphe neurons, effects of alcohol withdrawal, or stress-
ongoing study, Schuckit et al (1999) have observed thainduced cortisol release (Slotkin et al 1997). Thus, the
relative tos-carriers,ll-homozygous individuals showed a precise nature of the reduced serotonin transporter avail-
lower level of response when first challenged with alcoholability we have observed idl-homozygous alcoholic
and an increased risk of subsequent alcoholism. A lowatients is unclear. Alcoholic patients in our study were
initial level of response to alcohol is one of the factorsabstinent from both alcohol and medications for 3—4
thought to predispose young men to subsequent excessiveeeks, and this probably is not a long enough period of
alcohol consumption (Schuckit and Smith 1996) and hasime following withdrawal for neurotransmitter systems of
been associated with an increased availability of serotonitthe brain to stabilize fully. As a result, it is not possible to
transporters in nonhuman primates (Heinz et al 1998b). Asay from our data whether or not the reduction in serotonin
noted by Schuckit et al (1999)-homozygous serotoner- transporter availability inl-homozygous alcoholic indi-
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viduals is a persistent or a transient phenomenon. It is thuengel D, Murphy DL, Andrews AM, Wichems CH, Feltner D,
possible that the reduction in serotonin transporter avail- Heils A, et al (1998): Altered brain serotonin homeostasis and

T PO : _ locomotion insensitivity to 3,4-methylenedioxymethamphet-
ability in lI-homozygous alcoholic individuals arises dur amine (“Ecstasy”) in serotonin transporter-deficient mice.

ing the course of alcohol withdrawal per se as an acute 0| Pharmacol53:649—55.

effect rather than a chronic consequence of repeategenperg H, Reynolds J, Koller DL, Begleiter H, Bucholz KK,

excessive alcohol consumption. But considering the neg- Conneally PM, et al (1998): A family-based analysis of

ative correlation between lifetime alcohol consumption whether the functional promoter alleles of the serotonin
and serotonin transporter availability and the postmortem transporter gene HTT affect the risk for alcohol dependence.
findings of Little et al (1998), we feel that it is unlikely _ AIC Clin Exp Re22:1080-1085.

: : . : Farde L, Halldin C, Mueller L, Suhara T, Karlsson P, Hall H
that the reduction is an eplphenomen.on of \{wthdraw.al (1994): PET study of [C-LE-CIT binding to monoamine
alone. It seems more probable that its origins lay in  ansporters in the monkey and human bréipnapse6:93—
neurotoxic processes that are directly or indirectly caused 103.
by chronic excessive alcohol consumption, and that thesgils-Aime ML, Eckhardt MJ, George DT, Brown GL, Mefford I,
processes may be genetically dichotomous. Linnoila M (1996): Early-onset alcoholics have lower cere-

As the area of the raphe nuclei is the central origin of ~brospinal fluid 5-hydroxyindolacetic acid levels than late-
serotonergic projections throughout the brain (Baumgarten ©nset alcoholicsArch Gen Psychiatr3:211-216. o
and Grozdanovic 1995), loss of raphe serotonin transport-'Sner RE, Morris ED, Alpert NM, Fischman AJ (1995): In vivo

. . . . imaging of neuromodulatory synaptic transmission usin
ers in alcoholism may have widespread behavioral effects. PETg: e?review of relevant rgeuz)phgsiologyiuman Brain ¢

Reduced serotonin transporter availability has been asso- map 3:24-34.

ciated in vivo with increased clinical depression ratingsgatley SJ, Volkow ND, Fowler JS, Dewey SL, Logan J (1995):
among alcoholic persons (Heinz et al 1998a) and with Sensitivity of striatal $'C]cocaine binding to decreases in
major depression (Malison et al 1998). Also, it has been synaptic dopamineSynapse?0:137-144.

suggested recently that susceptibility to major depressioﬁ’e'emte_r J, Kranzler H, Cubells JF (1997): Seroton!n transporter
is associated with the genetic constitution of the serotonin Protein (SCL6A4) allele and haplotype frequencies and link-

L. . . age disequilibria in African- and European-American popu-
transporter (Oglivie et al 1996). Given the influence of |kl < and alcohol-dependent subjedtim GeneticsL01:

clinical depression on the relapse risk among alcoholic 243-264.

indiVidUalS (Hartka et al 1991, HeinZ et a.l 1996), further Goldman D (1996) Why mice drinkNature Geneticsl3:
studies will be necessary to assess the interaction of the 137-138.

genetic constitution of the 5-HTT and the relapse risk ancHartka E, Johnstone B, Leino EV, Motoyoshi M, Temple MT,
severity of clinical depression among alcoholic individu-  Fillmore KM (1991): The collaborative alcohol-related lon-

als. Moreover, it will be important to explore whether ~ 9itudinal project: a meta-analysis of depressive symptomatol-
L . - ogy and alcohol consumption over timBr J Addict 86:
other manifestations of putative alcohol neurotoxicity 1553”1293

(e.g., cognitive deficits, neuromotor abnormalities) alsoHeils A, Teufel A, Petri S, Stoer G, Riederer P, Bengel D, et al

might be associated with homozygosity at the long allele. (1996): Allelic variation of human serotonin transporter gene
expressionJ Neurochen6: 2621-2624.
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